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APPARATUS FOR PRODUCING THREE-DIMENSIONAL OBJECTS, METHOD FOR

PRODUCING THREE-DIMENSIONAL OBJECTS, AND CARRIER MEANS

(57)  An apparatus (601) for producing three-dimen-
sional objects is provided including a bonding liquid ap-
plier (50) and a controller (500). The bonding liquid ap-
plier (50) applies a bonding liquid (10) to a powder layer
(31) to form a bonded layer (30). The controller (500)
controls the bonding liquid applier (50) to repeatedly form
an (n)th bonded layer (30) by applying a predetermined
amount of the bonding liquid (10) per unit area, in multiple
times, to a new bonding region (30B) in an (n)th powder
layer (31), below which an (n-1)th bonded layer (30) does
not exist, and applying the predetermined amount of the
bonding liquid (10) per unit area, in a smaller number of
times than the multiple times, to an existing bonding re-
gion (30A) in the (n)th powder layer (31), below which
the (n-1)th bonded layer (30) exists, while increasing a
numeral (n) representing an integer of 1 and above in
increment of 1, to laminate multiple bonded layers (30)
into a three-dimensional object.
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Description
BACKGROUND
Technical Field

[0001] The present disclosure relates to an apparatus
for producing three-dimensional objects, a method for
producing three-dimensional objects, and a carrier
means.

Description of the Related Art

[0002] Additive manufacturing apparatuses are known
for producing three-dimensional objects. In a typical ad-
ditive manufacturing apparatus, metal or non-metal pow-
der particles are formed into a flattened layer (hereinafter
"powder layer") on a stage, and a bonding liquid that
bonds the powder particles is applied to the powder layer.
Thus, a bonded layer is formed in which the powder par-
ticles are bonded to each other. Another powder layer is
thereafter formed on the bonded layer, and another bond-
ed layer is further formed thereon. This operation is re-
peatedly performed to laminate multiple bonded layers
and obtain a three-dimensional object.

[0003] Japanese PatentNo.5471939discloses atech-
nology in which, when the (k+1)th layer has an overhang
portion that overhangs the (k)th layer in a direction per-
pendicular to the direction of lamination of the layers, a
base layeris formed in a part of the (k)th layer overlapping
the overhang portion of the (k+1)th layer, by applying a
bonding liquid to that part of the (k)th layer. The base
layer is smaller in thickness than the (k)th layer.

[0004] In additive manufacturing, the (n)th bonded lay-
er may be formed on either a bonded region or a non-
bonded region of the (n-1)th layer. When the (n)th bonded
layer is formed on the non-bonded region, i.e., powder
region, of the (n-1)th layer, by applying a bonding liquid
thereto, the powder particles are caused to aggregate to
a great extent due to a liquid bridge adhesive force of the
bonding liquid. As a result, the lower surface of the (n)th
bonded layer, facing the (n-1)th layer, becomes less flat-
tened.

[0005] Inview ofthis situation, one object of the present
invention is to produce three-dimensional objects with
improved accuracy.

SUMMARY

[0006] In accordance with some embodiments of the
present invention, an apparatus for producing three-di-
mensional objects with improved accuracy is provided.
The apparatus for producing three-dimensional objects
includes a bonding liquid applier and a controller. The
bonding liquid applier is configured to apply a bonding
liquid to a powder layer, so that the bonding liquid bonds
powder particles in the powder layer into a bonded layer.
The controller controls the bonding liquid applier to re-
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peatedly form an (n)th bonded layer by applying a pre-
determined amount of the bonding liquid per unit area,
in multiple times, to a new bonding region in an (n)th
powder layer, below which an (n-1)th bonded layer does
not exist, and applying the predetermined amount of the
bonding liquid per unit area, in a smaller number of times
than the multiple times, to an existing bonding region in
the (n)th powder layer, below which the (n-1)th bonded
layer exists, while increasing a numeral (n) representing
an integer of 1 and above in increment of 1, to laminate
multiple bonded layers into a three-dimensional object.
[0007] In accordance with some embodiments of the
present invention, a method for producing three-dimen-
sional objects is provided. The method includes the step
of forming an (n)th bonded layer that includes the step
of: applying a predetermined amount of a bonding liquid
per unit area, in multiple times, to a new bonding region
in an (n)th powder layer, below which an (n-1)th bonded
layer does not exist, so that the bonding liquid bonds
powder particles in the new bonding region; and applying
the predetermined amount of the bonding liquid per unit
area, in asmaller number of times than the multiple times,
to an existing bonding region in the (n)th powder layer,
below which the (n-1)th bonded layer exists, so that the
bonding liquid bonds powder particles in the existing
bonding region. The step of forming is repeatedly per-
formed while increasing a numeral (n) representing an
integer of 1 and above in increment of 1, to laminate
multiple bonded layers into a three-dimensional object.
[0008] In accordance with some embodiments of the
present invention, a non-transitory recording medium
storing a plurality of instructions which, when executed
by one or more processors, cause the processors to per-
form the above method.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0009] A more complete appreciation of the disclosure
and many of the attendant advantages and features
thereof can be readily obtained and understood from the
following detailed description with reference to the ac-
companying drawings, wherein:

FIG. 1 is a plan view of an apparatus for producing
three-dimensional objects according to a first em-
bodiment of the present invention;

FIG. 2 is a side view of the apparatus illustrated in
FIG. 1;

FIG. 3 is a partial cross-sectional view of the appa-
ratus illustrated in FIG. 1;

FIG. 4 is a block diagram of a controller of the appa-
ratus illustrated in FIG. 1;

FIGs. 5A to 5E are illustrations of a three-dimension-
al object shaping operation in accordance with an
embodiment of the present invention;

FIG. 6 is an illustration of a situation when a droplet
of abonding liquid is discharged onto a powder layer;
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FIG. 7 is a schematic view of a target three-dimen-
sional object;

FIGs. 8A and 8B are photographs of powder layers
formed in different numbers of times of scan;

FIG. 9 is an illustration for explaining the order of
application of a predetermined amount of a bonding
liquid in four times of scan;

FIGs. 10A to 10D are photographs of a glossy paper
sheet on which the bonding liquid has been dis-
charged in the order illustrated in FIG. 9;

FIG. 11 is a flowchart of a three-dimensional object
shaping operation according to the first embodiment
of the present invention;

FIG. 12 is an illustration for explaining the three-di-
mensional object shaping operation according to the
first embodiment of the present invention;

FIGs. 13A and 13B are schematic views of a target
three-dimensional object according to a second em-
bodiment of the present invention;

FIGs. 14A and 14B are illustrations for explaining a
three-dimensional object shaping operation accord-
ing to the second embodiment of the present inven-
tion;

FIGs. 15A to 15C are illustrations of a three-dimen-
sional object shaping operation according to a third
embodiment of the present invention;

FIGs. 16A to 16C are plan views for explaining an
operation for forming the (n-1)th and (n)th layers ac-
cording to the third embodiment of the present in-
vention;

FIGs. 17A and 17B are cross-sectional illustrations
for explaining the mechanism of permeation accord-
ing to the third embodiment of the present invention;
FIGs. 18A and 18B are cross-sectional illustrations
for explaining the mechanism of permeation accord-
ing to a comparative example;

FIG. 19 is a flowchart of a modeling data generating
operation according to the third embodiment of the
present invention;

FIG. 20 is a flowchart of a three-dimensional object
shaping operation according to the third embodiment
of the present invention;

FIGs. 21A to 21C are illustrations of a three-dimen-
sional object shaping operation according to a fourth
embodiment of the present invention;

FIGs. 22A to 22C are plan views for explaining an
operation for forming the (n)th layer according to the
fourth embodiment of the present invention;

FIGs. 23A and 23B are cross-sectional illustrations
for explaining the mechanism of permeation accord-
ing to the fourth embodiment of the present inven-
tion;

FIG. 24 is a flowchart of a three-dimensional object
shaping operation according to the fourth embodi-
ment of the present invention;

FIGs. 25A to 25C are illustrations of a three-dimen-
sional object shaping operation according to a fifth
embodiment of the present invention;
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FIGs. 26A to 26C are plan views for explaining an
operation for forming the (n)th layer according to the
fifth embodiment of the present invention; and

FIG. 27 is a flowchart of a three-dimensional object
shaping operation according to the fifth embodiment
of the present invention.

[0010] The accompanying drawings are intended to
depict embodiments of the present invention and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0011] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present invention. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise.

[0012] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific
element includes all technical equivalents that have a
similar function, operate in a similar manner, and achieve
a similar result.

[0013] An apparatus for producing three-dimensional
objects in accordance with a first embodiment of the
present invention is described below with reference to
FIGs. 1 to 3.

FIGs. 1 and 2 are plan view and side view, respectively,
of an apparatus for producing three-dimensional objects
according to the first embodiment. FIG. 3 is a partial
cross-sectional view of the apparatus. FIG. 3 illustrates
the apparatus in a three-dimensional object shaping op-
eration.

[0014] This apparatus for producing three-dimensional
objects is of additive manufacturing apparatus. The ap-
paratus includes a first shaping unit 1 and a second shap-
ing unit 5. The second shaping unit 5 discharges a bond-
ing liquid 10 to a powder layer 31 spread in the first shap-
ing unit 1 so that the bonding liquid 10 bonds powder
particles included in the powder layer 31 to form a bonded
layer 30.

[0015] The first shaping unit 1 includes a powder tank
11 and a flattening roller 12. The flattening roller 12 is a
rotatable member serving as a flattening member (re-
coater). As the flattening member, a platy member
(blade) may be used in place of the rotatable member.
[0016] The powder tank 11 includes a supply tank 21,
a shaping tank 22, and a surplus powder receiving tank
29. The supply tank 21 stores a powder 20 to be supplied
to the shaping tank 22. In the shaping tank 22, multiple
bonded layers 30 are laminated to build up a three-di-
mensional object. The surplus powder receiving tank 29
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receives and stores a surplus of the powder 20 that has
been transfer-supplied by the flattening roller 12 without
forming the powder layer 31.

[0017] A bottom part of the supply tank 21 is freely
movable up and down in the vertical direction (height
direction) as a supply stage 23. Similarly, a bottom part
of the shaping tank 22 is freely movable up and down in
the vertical direction (height direction) as a shaping stage
24. Multiple bonded layers 30 are laminated on the shap-
ing stage 24 to form a three-dimensional object. The sur-
plus powder receiving tank 29 may have a mechanism
for sucking the powder 20 on a bottom surface thereof.
The surplus powder receiving tank 29 may be configured
to be easily detachable from the shaping tank 22.
[0018] The supply stage 23 is moved up and down in
the direction indicated by arrow Z (i.e., height direction)
by a motor 27 to be described later. Similarly, the shaping
stage 24 is moved up and down in the direction indicated
by arrow Z in FIG. 2 by a motor 28 to be described later.
[0019] The flattening roller 12 transfer-supplies the
powder 20 that has been supplied onto the supply stage
23 of the supply tank 21 to the shaping tank 22. Further-
more, the flattening roller 12 flattens the powder 20 that
has been supplied by the flattening roller 12, thus forming
the powder layer 31.

[0020] The flattening roller 12 is reciprocatable in the
direction indicated by arrow Y along a stage surface (i.e.,
a surface on which the powder 20 is to be placed) of the
shaping stage 24, relative to the stage surface of the
shaping stage 24. The flattening roller 12 is moved by a
reciprocating mechanism 25 to be described later. The
flattening roller 12 is rotary-driven by a motor 26 to be
described later.

[0021] The second shaping unit5includes a liquid dis-
charge unit 50 that discharges the bonding liquid 10 onto
the powder layer 31 on the shaping stage 24.

[0022] The liquid discharge unit 50 includes a carriage
51 and two liquid discharge heads (hereinafter simply
"heads") 52a and 52b mounted on the carriage 51. The
number of the heads is not limited to two, and may be
one, or three or more. The heads 52a and 52b may be
hereinafter collectively referred to as the heads 52 or
head 52.

[0023] The carriage 51 is moveably supported by
guides 54 and 55. The guides 54 and 55 are supported
by side plates 70 disposed on both end parts of the ap-
paratus to be movable up and down.

[0024] The carriage 51 is reciprocated in the direction
indicated by arrow X (hereinafter simply "X direction", the
same may be applied to the directions indicated by ar-
rows Y, Z, etc.), that is coincident with the main scanning
direction, by an X-direction scanning motor through a pul-
ley and a belt. The X-direction scanning motoris included
in an X-direction scanning mechanism 550 to be de-
scribed later.

[0025] Each of the heads 52a and 52b has two nozzle
arrays. Each nozzle array includes multiple nozzles for
discharging a bonding liquid. The two nozzle arrays on
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the head 52a discharge a cyan bonding liquid and a ma-
genta bonding liquid, respectively. The two nozzle arrays
on the head 52b discharge a yellow bonding liquid and
a black bonding liquid, respectively. The configuration of
the heads and the colors of the bonding liquids are not
limited to those described above. For example, a color-
less bonding liquid including no colorant may be used.
[0026] Multiple tanks 60 storing the cyan bonding lig-
uid, the magenta bonding liquid, the yellow bonding lig-
uid, and the black bonding liquid, respectively, are mount-
ed on a tank mounting unit 56. The bonding liquids are
supplied to the heads 52a and 52b through supply tubes.
[0027] Onone end part of the apparatus in X direction,
a maintenance mechanism 61 that maintains and recov-
ersthe head 52 of the liquid discharge unit 50 is disposed.
[0028] The maintenance mechanism 61 includes a cap
62 and a wiper 63. The cap 62 is brought into intimate
contact with the nozzle plate (on which nozzles are
formed) of the head 52 to suck the bonding liquid from
the nozzles. Thus, powder particles have been clogging
the nozzles and the bonding liquid having become highly
viscous can be discharged. The surface of the nozzle
plate is then wiped with the wiper 63 so as to form a
meniscus of the nozzles. (The inside of the nozzle is in
anegative pressure state.) The cap 62 covers the nozzle
plate of the head 52 while discharging of the bonding
liquid is suspended, to prevent intrusion of the powder
20 into the nozzles and drying of the bonding liquid 10.
[0029] The second shaping unit 5 includes sliders 72
that are moveably supported by respective guides 71 dis-
posed on a base 7. Thus, the second shaping unit 5 as
awholeisreciprocatablein Y direction (i.e., sub-scanning
direction) that is perpendicular to X direction (i.e., main
scanning direction). The second shaping unit 5 is recip-
rocated in Y direction by a Y-direction scanning mecha-
nism 552 to be described later.

[0030] The liquid discharge unit 50 is moved up and
down in Z direction, together with the guides 54 and 55,
by a Z-direction elevating mechanism 551 to be de-
scribed in later.

[0031] The first shaping unit 1 is described in detail
below.
[0032] The powder tank 11 has a box-like shape. The

powder tank 11 includes the supply tank 21, the shaping
tank 22, and the surplus powder receiving tank 29, the
upper face of each of which is opened. The supply stage
23 and the shaping stage 24 disposed inside the supply
tank 21 and the shaping tank 22, respectively, are mov-
able up and down.

[0033] The side surfaces of the supply stage 23 are in
contact with the inner surfaces of the supply tank 21. The
side surfaces of the shaping stage 24 are in contact with
the inner surfaces of the shaping tank 22. The upper sur-
faces of the supply stage 23 and the shaping stage 24
are remained horizontal.

[0034] The surplus powder receiving tank 29, for re-
ceiving a surplus powder discharged out of the shaping
tank 22, is disposed next to the shaping tank 22. The
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surplus powder receiving tank 29 is in a funnel-like shape
and has a discharge port 29a at a bottom part for dis-
charging the powder 20.

[0035] A surplus of the powder 20, having been trans-
fer-supplied by the flattening roller 12 at the time when
forming the powder layer 31, falls into the surplus powder
receiving tank 29. The surplus of the powder 20 having
fallen into the surplus powder receiving tank 29 may be
returned to a powder supply device 554 via a powder
collecting recycling device. The powder supply device
554 (to be described later) is configured to supply powder
to the supply tank 21.

[0036] The powder supply device 554 is disposed
above the supply tank 21. The powder supply device 554
supplies powder stored in an internal tank thereof to the
supply tank 21 at the time of an initial shaping operation
or when the amount of powder in the supply tank 21 has
been decreased. The powder supply device 554 supplies
powder by a method such as screw conveyer methods
and air transport methods.

[0037] The flattening roller 12 transfer-supplies the
powder 20 from the supply tank 21 to the shaping tank
22 and evens out the supplied powder 20, thus forming
the powder layer 31 having a predetermined thickness.
[0038] Theflatteningroller 12is arod-like member hav-
ing alength greater than the inside dimension of the shap-
ing tank 22 and the supply tank 21 (i.e., the width of the
powder-supplying part and the powder-storing part). The
flattening roller 12 is reciprocated in Y direction (i.e., sub-
scanning direction) along the stage surface by a recip-
rocating mechanism.

[0039] The flattening roller 12 horizontally moves
above the supply tank 21 and the shaping tank 22, start-
ing from an outer side of the supply tank 21 inY direction,
while being rotated by a motor. By this movement of the
flattening roller 12, the powder 20 is transfer-supplied to
the shaping tank 22. The flattening roller 12 then flattens
the powder 20 supplied to the shaping tank 22 while pass-
ing above the shaping tank 22, thus forming the powder
layer 31.

[0040] Asillustratedin FIG. 2, a powder removing plate
13 is disposed in contact with a peripheral surface of the
flattening roller 12. The powder removing plate 13 re-
moves the powder 20 adhered to the flattening roller 12.
[0041] The powder removing plate 13 moves along
with the flattening roller 12 while remaining in contact
with the peripheral surface of the flattening roller 12. The
powder removing plate 13 may be in contact with the
flattening roller 12 so as to face in either the same or
opposite direction of rotation of the flattening roller 12 in
the flattening operation.

[0042] A controller of the above-described apparatus
for producing three-dimensional objects is described be-
low with reference to FIG. 4. FIG. 4 is a block diagram
of the controller.

[0043] Acontroller 500 includes a main controller 500A
including a central processing unit (CPU) 501, a read
only memory (ROM) 502, and a random access memory
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(RAM) 503. The CPU 501 controls the overall apparatus.
The ROM 502 stores a program that causes the CPU
501 to control a three-dimensional object shaping oper-
ation, and other fixed data. The RAM 503 temporarily
stores modeling data and other data.

[0044] The controller 500 further includes a non-vola-
tile random access memory (NVRAM) 504 that holds da-
ta even when power supply to the apparatus is cut off.
The controller 500 furtherincludes an application specific
integrated circuit (ASIC) 505 that processes various sig-
nals corresponding to image data (i.e., executes image
processing) and that processes input and output signals
for controlling the overall apparatus.

[0045] The controller 500 further includes an interface
(I/F) 506 that transmits and receives data and signals
used for receiving modeling data from an external mod-
eling data generating device 600.

[0046] The modeling data generating device 600 gen-
erates modeling data. Modeling data is sliced data gen-
erated by slicing the final shape of the three-dimensional
object into multiple layers. The modeling data generating
device 600 includes an information processing apparatus
such as a personal computer.

[0047] The controller 500 further includes an input/out-
put device (I/0) 507 that incorporates various sensor de-
tection signals.

[0048] The controller 500 further includes a head drive
controller 508 that drive-controls the head 52 of the liquid
discharge unit 50.

[0049] The controller 500 further includes motor driv-
ers 510 and 512. The motor driver 510 drives a motor of
the X-direction scanning mechanism 550 that moves the
carriage 51 of the liquid discharge unit 50 in X direction
(i.e., main scanning direction). The motor driver 512
drives a motor of the Y-direction scanning mechanism
552 that moves the second shaping unit 5 in Y direction
(i.e., sub-scanning direction).

[0050] The controller 500 further includes a motor driv-
er 511. The motor driver 511 drives a motor of the Z-
direction elevating mechanism 551 that moves the car-
riage 51 of the liquid discharge unit 50 up and down in Z
direction. According to another embodiment, the second
shaping unit 5 as a whole may be configured to be mov-
able up and down in Z direction.

[0051] The controller 500 further includes motor driv-
ers 513 and 514. The motor driver 513 drives the motor
27 that moves the supply stage 23 up and down. The
motor driver 514 drives the motor 28 that moves the shap-
ing stage 24 up and down.

[0052] The controller 500 further includes motor driv-
ers 515 and 516. The motor driver 515 drives a motor
553 of the reciprocating mechanism 25 that moves the
flattening roller 12. The motor driver 516 drives the motor
26 that rotary-drives the flattening roller 12.

[0053] The controller 500 furtherincludes a supply sys-
tem driver 517 and a maintenance driver 518. The supply
system driver 517 drives the powder supply device 554
that supplies the powder 20 to the supply tank 21. The
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maintenance driver 518 drives the maintenance mecha-
nism 61 of the liquid discharge unit 50.

[0054] The controller 500 further includes a later-sup-
plier driver 519 that causes a powder later-supplier 80 to
supply the powder 20.

[0055] To the I/0O 507 of the controller 500, detection
signals from a thermo-hygro sensor 560 are input. The
thermo-hygro sensor 560 detects temperature and hu-
midity of the usage environment for the apparatus and
other detection signals from other sensors.

[0056] The controller 500 is connected to an operation
panel 522 for inputting and displaying necessary infor-
mation for the apparatus.

[0057] Asdescribedabove, the controller 500 receives
modeling data from the modeling data generating device
600. Modeling data is sliced data obtained by slicing the
final shape of the three-dimensional object. Each mod-
eling data includes shape data of each bonded layer 30.
[0058] The main controller 500A controls the head 52
to discharge the bonding liquid based on the modeling
data of the bonded layer 30.

[0059] The apparatus for producing three-dimensional
objects includes the modeling data generating device
600 and an additive manufacturing device 601.

[0060] How a three-dimensional object is produced is
described below with reference to FIGs. 5A to 5E. FIGs.
5A to 5E are schematic views illustrating a three-dimen-
sional object shaping operation in accordance with an
embodiment of the present invention.

[0061] Referring to FIG. 5A, the first bonded layer 30
has already been formed on the shaping stage 24 of the
shaping tank 22.

[0062] Toformanextbonded layer30 on the first bond-
ed layer 30, as illustrated in FIG. 5A, the supply stage 23
of the supply tank 21 is lifted up in Z1 direction and the
shaping stage 24 of the shaping tank 22 is lowered in Z2
direction.

[0063] The distance of lowering of the shaping stage
24 is so determined that the distance between the upper
surface of a powder layer 31 to be formed in the shaping
tank 22 and the lowest part of the flattening roller 12 be-
comes At1. The distance At1 corresponds to the thick-
ness of the powder layer 31 to be formed. Preferably, the
distance At1 is in the range of from several tens to several
hundreds of micro-meters.

[0064] The flattening roller 12 is disposed above the
upper end surfaces of the supply tank 21 and the shaping
tank 22 with a gap therebetween. Thus, as the flattening
roller 12 transfer-supplies the powder 20 to the shaping
tank 22 and flattens the supplied powder 20, the surface
of the resulting powder layer 31 is leveled higher than
the upper end surfaces of the supply tank 21 and the
shaping tank 22.

[0065] Such a configuration reliably prevents the flat-
tening roller 12 from contacting the upper end surfaces
of the supply tank 21 and the shaping tank 22, thus pre-
venting damage of the flattening roller 12. If the surface
of the flattening roller 12 is damaged, undesirable lines
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(grooves) will appear on the surface of the powder layer
31 and degrade flatness of the surface.

[0066] Next, asillustratedin FIG. 5B, a part of the pow-
der 20 positioned higher than the upper surface level of
the supply tank 21 is transfer-supplied to the shaping
tank 22 as the flattening roller 12 moves in Y2 direction
while rotating in the counter direction (indicated by arrow
in the flattening roller 12). This process may be herein-
after called "powder supply process".

[0067] Next, asillustratedin FIG. 5C, the flattening roll-
er 12 is moved in parallel with the stage surface of the
shaping stage 24 of the shaping tank 22 to form a powder
layer 31 having the predetermined thickness At1 on the
bonded layer 30 on the shaping stage 24. This process
may be hereinafter called "flattening process". A surplus
of the powder 20 that has not been used for formation of
the powder layer 31 falls into the surplus powder receiv-
ing tank 29.

[0068] After the powder layer 31 has been formed, as
illustrated in FIG. 5D, the flattening roller 12 is moved in
Y1 direction to be returned to the initial position. This
process may be hereinafter called "recovery process".
[0069] The flattening roller 12 is configured to move
with remaining a constant distance from the upper sur-
face level of the shaping tank 22 and the supply tank 21.
Owing to this configuration, the flattening roller 12 can
form the powder layer 31 having the uniform thickness
At1 in the shaping tank 22 or on the bonded layer 30
already formed, while transporting the powder 20 to the
shaping tank 22.

[0070] Next, as illustrated in FIG. 5E, the liquid dis-
charge unit 50 discharges droplets of the bonding liquid
10 from the head 52 onto the powder layer 31 to form a
next bonded layer 30. This process may be hereinafter
called "shaping process".

[0071] The bonded layer 30 may be formed as the
bonding liquid 10 discharged from the head 52 is mixed
with the powder 20, an adhesive included in the powder
20 is thereby dissolved, and the dissolved adhesive mol-
ecules bond the particles of the powder 20.

[0072] Next, the powder supply process and the flat-
tening process, for forming a powder layer 31, and the
shaping process in which the head 52 discharges the
bonding liquid 10 onto the powder layer 31 are repeated
again to form a new bonded layer 30. The new bonded
layer 30 and the existing bonded layer 30 therebelow are
integrally combined and formed into a part of a three-
dimensional object.

[0073] The powder supply process and the flattening
process, for forming the powder layer 31, and the shaping
process in which the head 52 discharges the bonding
liquid 10 onto the powder layer 31 are further repeated
a required number of times to complete formation of the
three-dimensional object.

[0074] The powder 20 and the bonding liquid 10 are
described in detail below.

[0075] The powder 20 is a powder material for shaping
three-dimensional objects. The powder material includes
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a base material and a cover layer having a thickness of
from 5 to 500 nm. The cover layer includes a water-sol-
uble organic material as a binder. When acted on by a
cross-linker-containing water (e.g., the bonding liquid),
the water-soluble organic material dissolves therein and
becomes cross-linkable.

[0076] Thus, asthe cross-linker-containing water is ap-
plied, the water-soluble organic material dissolves there-
in and undergoes a cross-linking reaction by an action
of a cross-linker contained in the cross-linker-containing
water.

[0077] As the cross-linker-containing water (i.e., the
bonding liquid 10) is discharged onto a thin layer of the
powder material (i.e., the powder layer 31), the water-
soluble organic material gets dissolved and undergoes
a cross-linking reaction. As a result, powder particles in
the powder layer 31 get bonded to be hardened, thus
forming a bonded layer 30.

[0078] The base material is not limited to a specific
substance so long as it is in the form of powder or gran-
ules. For the purpose of obtaining three-dimensional ob-
jects having high strength, metals which are capable of
being sintered and ceramics are preferably used as the
base material.

[0079] Specific examples of such metals include, but
are not limited to, Ni, Ni-base alloy, Cu, Cu-base alloy,
Fe, Fe-base alloy, Ti, Ti-base alloy, Al, Al-base alloy, and
stainless steel. Specific examples of the ceramics in-
clude, but are not limited to, alumina, magnesia, zirconia,
silica, silicon carbide, and silicon nitride.

[0080] Thewater-soluble organic materialis notlimited
to a specific substance so long as it is water-soluble and
becomes cross-linkable by an action of a cross-linker.
[0081] In the present disclosure, the water-soluble or-
ganic material is defined as an organic material, 90% by
mass or more of which is soluble in 100 times the mass
of water having a temperature of 30°C. For example, 90%
by mass or more of 1 g of the water-soluble organic ma-
terial is soluble in 100 g of water having a temperature
of 30°C.

[0082] Preferably, the viscosity of a 4% (by mass) so-
lution of the water-soluble organic material, at a temper-
ature of 20°C, is 40 mPa-s or less, more preferably in the
range of from 1 to 35 mPa-s, and most preferably in the
range of from 5 to 30 mPa-s.

[0083] Viscosity of the water-soluble organic material
can be measured based on a method according to JIS
K7117.

[0084] The cross-linker-containing water, serving as
the bonding liquid, is not limited in composition so long
as a cross-linker is contained in an aqueous medium.
The cross-linker-containing water may include substanc-
es other than the aqueous medium and the cross-linker.
[0085] Which type of substances are to be added to
the cross-linker-containing water is determined depend-
ing on the means for applying the cross-linker-containing
water, frequency of use, and amount of use of the cross-
linker-containing water. For example, in a case in which
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the cross-linker-containing water is applied by means of
liquid discharging, an effect on nozzle clogging may be
taken into consideration in selecting substances to be
added.

[0086] Specific examples of the aqueous medium in-
clude, but are not limited to, water, alcohols (e.g., etha-
nol), ethers, and ketones. Among these materials, water
is most preferable. The aqueous medium may be a mix-
ture of water and a slight amount of a substance other
than water (e.g., an alcohol).

[0087] When the above-described powder material
and cross-linker-containing water (bonding liquid) are
used in combination, the head is more improved in du-
rability compared to a case in which a binder for binding
the powder (base material) is discharged from a liquid
discharge head.

[0088] A situation when a droplet of the bonding liquid
is discharged onto the powder layeris illustrated in FI1G. 6.
[0089] Specifically, FIG. 6 illustrates a situation when
adroplet 100 of the bonding liquid 10, discharged based
on modeling data having a pitch of 300 x 300 dpi (corre-
sponding to approximately 85 um), permeates the pow-
der layer 31.

[0090] The quantity of the droplet 100 has been ad-
justed so that the droplet 100 can permeate the powder
layer 31 in a thickness direction for a distance corre-
sponding to the thickness of the powder layer (e.g., 100
pm).

[0091] The optimum quantity of the droplet 100 can be
experimentally determined as follows. First, the powder
20 is spread into a powder layer having a thickness of
100 pm on a glass plate, and the droplet 100 is dropped
on the powder layer. The glass plate is observed with a
camera from the side opposite to the surface on which
the droplet 100 is dropped, to determine whether the
droplet 100 of the bonding liquid 10 has permeated the
powder layer having a thickness of 100 um. This exper-
iment is repeatedly performed while varying the quantity
of the droplet 100, to determine the optimum quantity of
the droplet 100 that makes the droplet 100 completely
permeate the powder layer having a thickness of 100 um
in a thickness direction. In the present embodiment, the
experimentally-determined optimum quantity of the drop-
let 100 that makes the droplet 100 completely permeate
the powder layer 31 was about 200 pl per droplet.
[0092] A relation between the shape of a target three-
dimensional object and the number of times of scan is
described below with reference to FIGs. 7 and 8A-8B.
FIG. 7 is an illustration of a target three-dimensional ob-
ject. FIGs. 8A and 8B are photographs of powder layers
formed in different numbers of times of scan.

[0093] A three-dimensional object 300 illustrated in
FIG. 7 isto be formed by laminating the first to fifth bonded
layers 300A to 300E.

[0094] When forming the first bonded layer 300A, no
bonded layer exists therebelow. There exists only a re-
gion consisting of the powder 20. Such a region is here-
inafter referred to as "new bonding region 30B. The new
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bonding region 30B is formed into an overhang portion
30b in a resulting bonded layer.

[0095] When forming the second bonded layer 300B
and the third bonded layer 300C, the first bonded layer
300A and the second bonded layer 300B, respectively,
have already been formed therebelow.

[0096] When forming the fourth bonded layer 300D,
both the third bonded layer 300C and the new bonding
region 30B exist therebelow. Here, the third bonded layer
300C is also referred to as "existing bonding region 30A".
The new bonding region 30B consists of the powder 20,
as described above. The existing bonding region 30A is
formed into a non-overhang portion 30a in a resulting
bonded layer.

[0097] When forming the fifth bonded layer 300E, the
fourth bonded layer 300D has already been formed ther-
ebelow.

[0098] When forming a bonded layer 30 with no bond-
ed layer existing therebelow, as is the case of forming
the first bonded layer 300A, by applying a predetermined
amount of the bonding liquid 10 onto the powder layer
31 in one time of scan of the carriage 51, the surface of
the powder layer 31 comes into a state illustrated in FIG.
8A.

[0099] Onthe otherhand, whenformingabonded layer
30 with no bonded layer existing therebelow, as is the
case of forming the first bonded layer 300A, by applying
a predetermined amount of the bonding liquid 10 onto
the powder layer 31 in four times of scan of the carriage
51, the surface of the powder layer 31 comes into a state
illustrated in FIG. 8B.

[0100] In FIGs. 8A and 8B, the region A indicates a
region where the bonding liquid 10 has been applied.
[0101] In a case in which a predetermined amount of
the bonding liquid is applied to a new bonding region in
one time of scan, the whole region is applied with the
bonding liquid almost at the same time. Thus, the whole
region is acted on by aliquid bridge adhesive force almost
at the same time, generating coarse and dense portions
within the region, resulting in poor accuracy in shaping
a three-dimensional object.

[0102] On the other hand, in a case in which a prede-
termined amount of the bonding liquid is applied to a new
bonding region in four times of scan, the powder 20 is
caused to aggregate in each time of scan due to a liquid
bridge adhesive force. However, the influence of the lig-
uid bridge adhesive force is exerted only in a limited
range, i.e., in each dot, since adjacent dots are applied
with the bonding liquid not at the same time. In the present
embodiment, the bonding liquid is applied at a pitch of
300 x 300 dpi, i.e., about 84.65 pum. As a result, a three-
dimensional object is obtained at a high degree of accu-
racy.

[0103] A case in which a predetermined amount of the
bonding liquid is applied in four times of scan, in other
words, in four batches, is described in detail below with
reference to FIGs. 9 and 10A-10D.

[0104] First, a region to be bonded by one drop (i.e., a
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predetermined amount) of the bonding liquid is divided
into four blocks 1 to 4, as illustrated in FIG. 9. Each side
of each block has a length of about 84.65 pum when the
shaping resolution is 300 x 300 dpi. The bonding liquid
is applied to the blocks 1 to 4 in ascending order.
[0105] FIGs. 10A to 10D illustrate photographs of a
glossy paper sheet on which the bonding liquid has been
discharged in the above-described manner.

[0106] Since the bonding liquid is applied to adjacent
blocks not at the same time, a liquid bridge adhesive
force exerts an influence in a limited range, i.e., in each
block. The time interval between scans is set such that
a period during which powder particles are caused to
migrate due to the liquid bridge adhesive comes within
the time interval.

[0107] Inthepresentembodiment, the numberoftimes
of scan is four, but is not limited thereto. The number of
times of scan is determined depending on the degree of
migration of the powder particles caused by the liquid
bridge adhesive force. The degree of migration of powder
particles is determined based on physical properties of
the powder and the bonding liquid.

[0108] A new bonding region in the (n)th powder layer,
below which the (n-1)th bonded layer does not exists, is
applied with a predetermined amount of the bonding lig-
uid in multiple times. Here, n represents an integer of 1
or above. In other words, an overhang portion in the (n)th
bonded layer, below which the (n-1)th bonded layer does
not exist, is formed by multiple times of application of the
predetermined amount of the bonding liquid.

[0109] On the other hand, the number of times of scan
increases, the time required for shaping a three-dimen-
sional object is elongated.

[0110] To avoid elongation of the time required for
shaping, an existing bonding region in the (n)th powder
layer, below which the (n-1)th bonded layer exists, is ap-
plied with the bonding liquid in a smaller number of times
than the new bonding region is. In other words, a non-
overhang portion in the (n)th bonded layer, below which
the (n-1)th bonded layer exists, is formed by a smaller
number of times of application of the bonding liquid than
the overhang portion is. The smaller the number of times
of application of the bonding liquid, the more suppressed
the increase in the time required for shaping a three-
dimensional object. In the present embodiment, a pre-
determined amount of the bonding liquid is applied in one
time of scan.

[0111] In the existing bonding region in the (n)th pow-
der layer, below which the (n-1)th bonded layer exists,
the bonding liquid having been applied to the (n-1)th layer
exerts an effect for holing the powder 20 in the (n)th layer.
Therefore, migration of powder particles in the (n)th pow-
der layer, that may be caused due to a liquid bridge ad-
hesive force of the bonding liquid, is suppressed. Thus,
even when the existing bonding region is applied with
the bonding liquid in a smaller number of times of appli-
cation of the bonding liquid than the new bonding region
is, for example, in one time of scan, shaping accuracy
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does not deteriorate very much.

[0112] In the present embodiment, the existing bond-
ing region in the (n)th powder layer is applied with the
bonding liquid when the new bonding region is applied
with the bonding liquid for the last time. However, the
time when the existing bonding region is applied with the
bonding liquid is not limited thereto, and may be synchro-
nized with any time when the new bonding region is ap-
plied with the bonding liquid.

[0113] FIG. 11 is a flowchart of a three-dimensional
object shaping operation, performed by the controller
500, according to the first embodiment of the present
invention.

[0114] The shaping operation starts as the controller
500 receives modeling data from the modeling data gen-
erating device 600. In S101, the powder layer 31 is
formed in the shaping tank 22. In S102, modeling data
for the (n)th layer is read out and compared with that for
the (n-1)th layer underlying the (n)th layer, to extract a
new bonding region 30B in the (n)th layer, below which
the (n-1)th bonded layer 30 does not exist.

[0115] InS103, whetherthe (n)th layer has a new bond-
ing region 30B or not is determined.

[0116] Whenthe (n)thlayer has no new bonding region
30B, in other words, the whole (n)th layer consists of an
existing bonding region 30A, in S104, the (n)th powder
layer 31 is applied with the bonding liquid 10 (droplet 100)
in one time of scan, thus becoming the (n)th bonded layer
30.

[0117] When the (n)th layer has a new bonding region
30B, in S105, whether the (n)th layer has an existing
bonding region 30A or not is determined.

[0118] When the (n)th layer has no existing bonding
region 30A, in other words, the whole (n)th layer consists
of a new bonding region 30B (i.e., n=1),in S106, the (n)th
powder layer 31 is applied with a predetermined amount
of the bonding liquid 10 in a predetermined number (N)
of times of scan (where N represents an integer of 2 or
above), thus becoming the (n)th bonded layer 30. In the
embodiment described above, the predetermined
number N is 4.

[0119] When the (n)th layer has an existing bonding
region 30A, in other words, the (n)th layer has both a new
bonding region 30B and an existing bonding region 30A,
in S107, the new bonding region 30B in the (n)th powder
layer 31 is applied with a part of a predetermined amount
of the bonding liquid 10 in (N-1) times of scan. The other
part of the predetermined amount of the bonding liquid
10 is kept unused to be used for the (N)th scan.

[0120] Next, in S108, in the (N)th scan, the new bond-
ing region 30B is applied with the remaining part of the
predetermined amount of the bonding liquid 10, and the
existing bonding region 30A is applied with a predeter-
mined amount of the bonding liquid 10 in one time of
scan. Thus, the (n)th bonded layer 30 is formed.

[0121] In S109, whether modeling data for the next lay-
er exists or not is determined.

When modeling data for the next layer exists, the above
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processes are repeated. When modeling data for the next
layer does not exist, the shaping operation ends.
[0122] The above three-dimensional object shaping
operation is further described in detail below with refer-
ence to FIG. 12.

[0123] FIG. 12 illustrates a case in which a three-di-
mensional object 701 illustrated in scheme (a) is to be
formed. The three-dimensional object 701 has two leg
parts 701a and a bridge part 701b bridged between the
leg parts 701a.

[0124] The first layer of each leg part 701a consists of
anew bonding region 30B. Thus, as illustrated in scheme
(b), a predetermined amount of the bonding liquid 10 is
applied thereto in four times of scan.

[0125] Whenthe (m)th layer is defined as the first layer
of the bridge part 701b, the second to (m-1)th layers of
each leg part 701a each consist of an existing bonding
region 30A. Thus, as illustrated in scheme (c), a prede-
termined amount of the bonding liquid 10is applied there-
to in one time of scan.

[0126] The (m)th layer, corresponding to the first layer
of the bridge part 701b, has both existing bonding regions
30A (above the leg parts 701a) and a new bonding region
30B (above a part other than the leg parts 701a).
[0127] Afterthe new bondingregion 30B is applied with
the bonding liquid 10 in three times of scan, both the new
bonding region 30B and the existing bonding regions 30A
are applied with the bonding liquid 10 in the fourth scan,
as illustrated in scheme (d).

[0128] The (m+1)th layer and above layers each con-
sistof an existing bondingregion 30A. Thus, as illustrated
in scheme (e), a predetermined amount of the bonding
liquid 10 is applied thereto in one time of scan.

[0129] The existing bonding region 30A in the (m)th
layer, below which the (m-1)th bonded layer 30 exists, is
applied with the predetermined amount of the bonding
liquid in the fourth scan. Such aregion that can be bonded
in one time of scan without degrading shaping accuracy
is bonded in one time of scan.

[0130] There is a possibility that, when a bonded layer
is formed in multiple times of scan, micro-voids are gen-
erated in aboundary between regions bonded in different
times of scan. By forming a bonded layer in one time of
scan, generation of such micro-voids can be avoided and
shaping density is improved.

[0131] At the same time, deterioration of productivity
(shaping speed) is suppressed.

[0132] In the present embodiment, the existing bond-
ing region 30A and the new bonding region 30B in the
(m)th layer are applied with the bonding liquid under dif-
ferent controls. Alternatively, according to another em-
bodiment, the control for applying the bonding liquid can
be differed layer by layer. Specifically, in a case in which
both an existing bonding region 30A and a new bonding
region 30B existin the (m)th layer, both the existing bond-
ing region 30A and the new bonding region 30B may be
applied with the bonding liquid in a greater number of
times of scan than the (m)th layer is in a case in which
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the (m)th layer includes no new bonding region 30B. In
this case, there is no need to perform different controls
in a single layer, simplifying the control for applying the
bonding liquid.

[0133] A three-dimensional object shaping operation
according to a second embodiment of the present inven-
tion is described below with reference to FIGs. 13A-13B
and 14A-14B.

FIG. 13A is a schematic view of a target three-dimen-
sional object according to the second embodiment. FIG.
13B is a magnified view of a region B encircled by dotted
lines in FIG. 13A. FIGs. 14A and 14B are illustrations of
a shaping operation according to the second embodi-
ment.

[0134] Referring to FIG. 13A, a three-dimensional ob-
ject 702 has a triangle shape having oblique sides. As is
clear from FIG. 13B, in each oblique side, a new bonding
region 30B appears in each bonded layer 30.

[0135] Thus, if the three-dimensional object 702 is
formed through four times (N=4) of application of the
bonding liquid in each layer, it will take a long time to
complete shaping thereof.

[0136] To avoid such a disadvantage, in the present
embodiment, the number of times of scan is varied de-
pending on the area of the new bonding region 30B. For
example, when the new bonding region 30B has an area
equal to or greater than a preset threshold, the bonding
liquid is applied thereto in two times (N=2) of scan. When
the new bonding region 30B has an area less than the
threshold, the bonding liquid is applied thereto in one
time (N=1) of scan.

[0137] More specifically, when the new bonding region
30B is longer in Y direction and has a relatively large
area, as illustrated in FIG. 14A, the bonding liquid is ap-
plied thereto in four times of scan. When the new bonding
region 30B is shorter in Y direction and has a relatively
small area, as illustrated in FIG. 14B, the bonding liquid
is applied thereto in one time of scan.

[0138] In a case in which the area of the new bonding
region is relatively small, a bonded layer can be formed
in one time of scan, since migration of powder particles,
caused due to a liquid bridge adhesive force, exerts a
limited influence on shaping accuracy.

[0139] As the number of times of scan is varied de-
pending on the area of the new bonding region, shaping
accuracy is improved while deterioration of shaping
speed is suppressed.

[0140] In the above-described embodiments, mode-
ling data for the (n)th layer and that for the (n-1)th layer
are compared to extract a new bonding region or to de-
termine whether a new bonding region exists or not. Al-
ternatively, according to another embodiment, the mod-
eling data generating device 600 may previously add da-
ta indicating a new bonding region to modeling data for
the (n)th layer, and transfer the resulting data to the con-
troller.

[0141] A third embodiment of the present invention is
described below with reference to FIGs. 15A to 15C.
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FIGS. 15A to 15C are illustrations of a three-dimensional
object shaping operation according to the third embodi-
ment.

[0142] In the present embodiment, a frame pattern 35
is formed in a part of a non-bonded region of the (n-1)th
layer, above which an overhang portion 30b of the (n)th
bonded layer 30 (to be described later referring to FIG.
16B) is to be formed. As described, the overhang portion
30b is formed by bonding powder particles in anew bond-
ing region 30B.

[0143] In a case in which the three-dimensional object
300 illustrated in FIG. 7 is to be formed according to the
present embodiment, first, the first bonded layer 300A
and the second bonded layer 300B are formed in series,
as illustrated in FIG. 15A.

[0144] Next,thethird ((n-1)the) bonded layer 300C and
the fourth ((n)th) bonded layer 300D are to be formed.
Here, the fourth bonded layer 300D has an overhang
portion 30b below which the third bonded layer 300C
does not exist.

[0145] Thus, when forming the third bonded layer
300C, a preset frame pattern 35 is formed in a part of
non-bonded region in the third layer, above which the
overhang portion 30b of the fourth bonded layer 300D is
to be formed. The frame pattern 35 may be a partially-
thinned pattern, such as net-like pattern, stripe-like (line-
like) pattern, or grid-like pattern, or a pattern formed with
a less amount of the bonding liquid for the purpose of
suppressing permeation.

[0146] Next, a powder layer 31 is formed, as illustrated
in FIG. 15B, and thereafter the powder layer 31 is formed
into the fourth bonded layer 300D, as illustrated in FIG.
15C.

[0147] Since the firstbonded layer 300A can be regard
as consisting of an overhang portion 30b, it is preferable
that a frame pattern is previously formed in a region un-
derlying the first bonded layer 300A.

[0148] An operation for forming the (n)th layer is de-
scribed below with reference to FIGs. 16A to 16C. FIGs.
16A to 16C are plan views for explaining the operation
for forming the (n)th layer.

[0149] As illustrated in FIG. 16A, the (n-1)th bonded
layer 30 is formed by applying a predetermined amount
of the bonding liquid 10 to the (n-1)th powder layer. At
the same time, a part of a non-bonded region of the (n-
1)th layer, above which the overhang portion 30b of the
(n)th bonded layer 30 is to be formed, is also applied with
the bonding liquid 10 so that the frame pattern 35 is
formed therein. The frame pattern 35 is formed with a
smaller amount of the bonding liquid 10 than the bonded
layer 30 is formed.

[0150] Next,asillustratedinFIG. 16B, the (n)thbonded
layer 30 is formed. The overhang portion 30b, below
which the frame pattern 35 has been formed, is formed
with a larger amount of the bonding liquid 10 than the
non-overhang portion 30a is formed.

[0151] Next, asillustrated in FIG. 16C, the (n+1)th and
above bonded layers 30 are formed.
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[0152] A mechanism of permeation of the bonding lig-
uid according to the present embodiment is described
below with reference to FIGs. 17A and 17B. FIGs. 17A
and 17B are cross-sectional illustrations for explaining
the mechanism of permeation. FIGs. 18A and 18B are
cross-sectional illustrations for explaining a comparative
example.

[0153] In the comparative example, as illustrated in
FIG. 18A, no frame pattern has been formed in a non-
bonded region in the (n-1) layer above which the over-
hang portion 30b of the (n)th layer is to be formed.
[0154] When the bonding liquid 10 is applied to the
new bonding region of the (n)th powder layer correspond-
ing to the overhang portion 30b of the (n)th bonded layer
30 with no frame pattern existing in the (n-1)th layer, as
illustrated in FIG. 18B, the powder 20 may aggregate to
a great extent upon application of the bonding liquid 10.
Thus, the bonding liquid 10 may permeate the (n)th layer
in Z direction (the direction of lamination) to reach the (n-
1)th layer, since nothing inhibits permeation of the bond-
ing liquid 10.

[0155] As a result, the surface of the overhang portion
30b of the (n)th bonded layer 30 will become less flat-
tened. Moreover, voids 800 will be generated inside the
overhang portion 30b while reducing density of the over-
hang portion 30b.

[0156] By contrast, in the present embodiment, as il-
lustrated in FIG. 17A, the frame pattern 35 has been
formed in a non-bonded region in the (n-1)th layer above
which the overhang portion 30b of the (n)th layer is to be
formed, to cause the powder 20 to aggregate and solidify
into the shape of the frame pattern 35.

[0157] When the bonding liquid 10 is applied to the
new bonding region corresponding to the overhang por-
tion 30b of the (n)th bonded layer 30 with the frame pat-
tern 35 existing in the (n-1)th layer, as illustrated in FIG.
17B, the frame pattern 35 suppresses the powder 20 in
the (n)th layer from migrating and the bonding liquid 10
from permeating the (n-1)th layer.

[0158] As a result, the surface of the overhang portion
30b of the (n)th bonded layer 30 is kept flattened.
[0159] The amount of the bonding liquid 10 applied for
forming the overhang portion 30b of the (n)th layer is set
greater than that applied for forming the non-overhang
portion 30a other than the overhang portion 30b, so that
the bonding liquid 10 slightly remains on the powder sur-
face of the (n)th layer.

[0160] Thus, a wet portion is promptly formed on the
powder surface. In the (n+1)th layer and above layers,
the powder 20 is supplied to the wet portion so that the
bonding liquid 10 can permeate voids in the powder 20
layer not only from above but also from below, thus se-
curing a certain degree of density.

[0161] FIG. 19 is a flowchart of a modeling data gen-
erating operation according to the present embodiment.
[0162] The modeling data generating process is per-
formed by the modeling data generating device 600.
[0163] In S201, slice data for the (n-1)th layer is ac-

10

15

20

25

30

35

40

45

50

55

1"

quired. In S202, slice data for the (n)th layer is acquired
and compared with that for the (n-1)th layer. In S203,
whether the (n)th layer has an overhang portion 30b or
not is determined.

[0164] When the (n)th layer has an overhang portion
30b, in S204, data for the frame pattern 35 is added to a
region of modeling data for the (n-1)th layer which cor-
responds to the overhang portion 30b of the (n)th layer.
[0165] When the (n)th layer has no overhang portion
30b, modeling data for the (n-1)th layer remains un-
changed.

[0166] In S205, whether the (n)th layer is the final layer
or not is determined. When the (n)th layer is determined
not to be the final layer, in S206, n is increased by 1, and
the above-described processes are repeated. When the
(n)th layer is determined to be the final layer, in S207, all
the slice data are reintegrated and transferred to the ad-
ditive manufacturing device 601.

[0167] FIG. 20 is a flowchart of a three-dimensional
object shaping operation according to the present em-
bodiment.

[0168] In S301, a powder layer 31 is formed. In S302,
modeling data for the (n)th bonded layer 30 is read. In
S303, whether the (n)th layer has an overhang portion
30b or not is determined.

[0169] When the (n)th layer has an overhang portion
30b, in S304, the non-overhang portion 30a (other than
the overhang portion 30b) is formed with a predetermined
amount of the bondingliquid 10, and the overhang portion
30b is formed with more than the predetermined amount
of the bonding liquid 10, thus forming the (n)th bonded
layer 30.

[0170] When the (n)th layer has no overhang portion
30b, in S305, a predetermined amount of the bonding
liquid 10 is applied, thus forming the (n)th bonded layer
30.

[0171] In S306, whether the (n)th layer is the final layer
or not is determined. The above-described operations
for forming a bonded layer 30 are repeated until the (n)th
layer is determined to be the final layer. The shaping
operation ends when all the bonded layers have been
formed.

[0172] Itis to be noted that, when the (n)th layer has
an overhang portion 30b, modeling data for the frame
pattern 35 has been added to that for the (n-1)th layer,
and the frame pattern 35 has been formed with a prede-
termined amount of the bonding liquid 10, although such
a process has been omitted from the flowchart for the
sake of simplicity.

[0173] A fourth embodiment of the present invention
is described below with reference to FIGs. 21A to 21C.
FIGs. 21A to 21C are illustrations of a three-dimensional
object shaping operation according to the fourth embod-
iment.

[0174] In the present embodiment, when the (n)th
bonded layer 30 has an overhang portion 30b, during the
forward movement of the head 52, the frame pattern 35
is formed in the new bonding region 30B corresponding
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to the overhang portion 30b, and the non-overhang por-
tion 30a is formed by applying a predetermined amount
of the bonding liquid 10 to the existing bonding region
30A.

[0175] Next, during the backward movement of the
head 52, more than the predetermined amount of the
bonding liquid 10 is applied only to the new bonding re-
gion 30B in which the frame pattern 35 has been formed
to form the overhang portion 30b, thus forming the (n)th
bonded layer 30.

[0176] In acase in which the three-dimensional object
300 illustrated in FIG. 7 is to be formed according to the
present embodiment, first, the first bonded layer 300A,
the second bonded layer 300B, and the third bonded lay-
er 300C are formed in series, as illustrated in FIG. 21A,
and a powder layer 31, to become the fourth ((n)th) bond-
ed layer 300D, is formed thereafter.

[0177] The fourth ((n)th) bonded layer 300D has an
overhang portion 30b below which the third ((n-1)th)
bonded layer 300C does not exist.

[0178] Thus, as illustrated in FIG. 21B, during the for-
ward movement of head 52, the frame pattern 35 is
formed in a region corresponding to the overhang portion
30b, and the non-overhang portion 30a of the bonded
layer 300D is formed by applying a predetermined
amount of the bonding liquid to the other region.

[0179] Next, during the backward movement of the
head 52, asillustrated in FIG. 21C, equal to or more than
the predetermined amount of the bonding liquid 10 is
applied to the region in which the frame pattern 35 has
been formed to form the overhang portion 30b, thus form-
ing the bonded layer 300D.

[0180] An operation for forming the (n)th layer is de-
scribed with reference to FIGs. 22A to 22C. FIGs. 22A
to 22C are plan views for explaining the operation for
forming the (n)th layer.

[0181] When forming the (n)th bonded layer 30, as il-
lustrated in FIG. 22A, during the forward movement of
the head 52, the frame pattern 35 is formed in a region
corresponding to the overhang portion 30b of the bonded
layer 30, and the non-overhang portion 30a is formed by
applying a predetermined amount of the bonding liquid
10 to the existing bonding region.

[0182] Next, during the backward movement of the
head 52, as illustrated in FIG. 22B, equal to or more than
the predetermined amount of the bonding liquid 10 is
applied to the region corresponding to the overhang por-
tion 30b of the bonded layer 30 to form the overhang
portion 30b, thus forming the (n)th bonded layer 30.
[0183] Next, as illustrated in FIG. 22C, the (n+1)th
bonded layer 30 is formed.

[0184] A mechanism of permeation of the bonding lig-
uid according to the present embodiment is described
below with reference to FIGs. 23A and 23B. FIGs. 23A
and 23B are cross-sectional illustrations for explaining
the mechanism of permeation.

[0185] Inthepresentembodiment, asillustratedin FIG.
23A, when forming the (n)th bonded layer 30, the frame
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pattern 35 is formed in a region corresponding to the
overhang portion 30b during the forward movement of
the head 52, to cause the powder 20 to aggregate and
solidify into the shape of the frame pattern 35.

[0186] As equal to or more than the predetermined
amount of the bonding liquid 10 is applied to the frame
pattern 35 during the backward movement of the head
52, as illustrated in FIG. 23B, the frame pattern 35 sup-
presses the powder 20 in the (n)th layer from migrating.
In addition, the frame pattern 35 also suppresses the
bonding liquid 10 from permeating the (n)th layer.
[0187] As a result, the surface of the overhang portion
30b of the (n)th bonded layer 30 is kept flattened.
[0188] The amount of the bonding liquid 10 applied for
forming the overhang portion 30b of the (n)th layer is set
greater than that applied for forming the non-overhang
portion 30a (other than the overhang portion 30b), so that
the bonding liquid 10 slightly remains on the powder sur-
face of the (n)th layer.

[0189] Thus, a wet portion is promptly formed on the
powder surface. In the (n+1)th layer and above layers,
the powder 20 is supplied to the wet portion so that the
bonding liquid 10 can permeate voids in the powder 20
layer not only from above but also from below, thus se-
curing a certain degree of density.

[0190] FIG. 24 is a flowchart of a three-dimensional
object shaping operation according to the present em-
bodiment.

[0191] In S401, a powder layer 31 is formed. In S402,
modeling data for the (n)th bonded layer 30 is read. In
S403, whether the (n)th layer has an overhang portion
30b or not is determined.

[0192] When the (n)th bonded layer 30 has an over-
hang portion 30b, in S404, during the forward movement
of the head 52, the frame pattern 35 is formed in a region
corresponding to the overhang portion 30b and the non-
overhang portion 30a is formed by applying a predeter-
mined amount of the bonding liquid 10 to the other region
(existing bonding region).

[0193] Next, during the backward movement of the
head 52, in S405, the bonding liquid 10 is applied to the
frame pattern 35 to form the overhang portion 30b, thus
forming the (n)th bonded layer 30.

[0194] When the (n)th bonded layer 30 has no over-
hang portion 30b, in S406, a predetermined amount of
the bonding liquid 10 is applied during the forward move-
ment of the head 52, thus forming the (n)th bonded layer
30.

[0195] In S407, whether the (n)th layer is the final layer
or not is determined. The shaping operation ends when
all the bonded layers have been formed.

[0196] A fifth embodiment of the present invention is
described below with reference to FIGs. 25A to 25C.
FIGs. 25A to 25C are illustrations of a three-dimensional
object shaping operation according to the fifth embodi-
ment.

[0197] In the present embodiment, when the (n)th
bonded layer 30 has an overhang portion 30b, during the
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forward movement of the head 52, the frame pattern 35
is formed in the new bonding region 30B corresponding
to the overhang portion 30b (to be described later refer-
ring to FIG. 26B).

[0198] Next, during the backward movement of the
head 52, the bonding liquid 10 is applied to all the region
including the frame pattern 35, thus forming the (n)th
bonded layer 30.

[0199] In acase in which the three-dimensional object
300 illustrated in FIG. 7 is to be formed according to the
present embodiment, first, the first bonded layer 300A,
the second bonded layer 300B, and the third bonded lay-
er 300C are formed in series, as illustrated in FIG. 25A,
and a powder layer 31, to become the fourth ((n)th) bond-
ed layer 300D, is formed thereafter.

[0200] The fourth ((n)th) bonded layer 300D has an
overhang portion 30b below which the third ((n-1)th)
bonded layer 300C does not exist.

[0201] Thus, as illustrated in FIG. 25B, during the for-
ward movement of the head 52, the frame pattern 35 is
formed in a region corresponding to the overhang portion
30b. However, the other region (existing bonding region)
is not applied with the bonding liquid 10.

[0202] Next, during the backward movement of the
head 52, asillustrated in FIG. 25C, equal to or more than
the predetermined amount of the bonding liquid 10 is
applied to the all region including the frame pattern 35,
thus forming the bonded layer 300D.

[0203] An operation for forming the (n)th layer is de-
scribed with reference to FIGs. 26A to 26C. FIGs. 26A
to 26C are plan views for explaining the operation for
forming the (n)th layer.

[0204] When forming the (n)th bonded layer 30, as il-
lustrated in FIG. 26A, during the forward movement of
the head 52, the frame pattern 35 is formed in a region
corresponding to the overhang portion 30b of the bonded
layer 30, and the other region (existing bonding region)
is not applied with the bonding liquid 10.

[0205] Next, during the backward movement of the
head 52, as illustrated in FIG. 26B, a predetermined
amount of the bonding liquid 10 is applied to all the region
to become the bonded layer 30, thus forming the (n)th
bonded layer 30.

[0206] Next, asillustratedin FIG. 26, the (n+1)th bond-
ed layer 30 is formed.

[0207] FIG. 27 is a flowchart of a three-dimensional
object shaping operation according to the present em-
bodiment.

[0208] In S501, a powder layer 31 is formed. In S502,
modeling data for the (n)th bonded layer 30 is read. In
S503, whether the (n)th layer has an overhang portion
30b or not is determined.

[0209] When the (n)th bonded layer 30 has an over-
hang portion 30b, in S504, during the forward movement
of the head 52, the frame pattern 35 is formed in aregion
corresponding to the overhang portion 30b, and the other
region corresponding to the non-overhang portion 30a is
not applied with the bonding liquid 10.
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[0210] Next, during the backward movement of the
head 52, in S505, the bonding liquid 10 is applied to all
the region including the frame pattern 35, thus forming
the (n)th bonded layer 30.

[0211] When the (n)th bonded layer 30 has no over-
hang portion 30b, in S506, a predetermined amount of
the bonding liquid 10 is applied during the forward move-
ment of the head 52, thus forming the (n)th bonded layer
30.

[0212] In S507, whether the (n)th layer is the final layer
or not is determined. The shaping operation ends when
all the bonded layers have been formed.

[0213] In the fourth and fifth embodiments, the mode-
ling data generating device 600 may compare slice data
for the continuous (n-1)th and (n)th layers, where n rep-
resents an integer of 1 or above, and create modeling
data for the (n)th layer along with modeling data for a
frame pattern to be formed in a new bonding region of
the (n)th layer, based on the comparison result.

[0214] In this case, the additive manufacturing device
601 performs a shaping operation based on the modeling
data for the (n)th layer along with the modeling data for
a frame pattern in the (n)th layer, during forward and
backward movements of the head 52.

[0215] In the above-described embodiments, the ap-
paratus for producing three-dimensional objects has two
tanks, i.e., the supply tank and the shaping tank. Alter-
natively, according to another embodiment, the appara-
tus may include only the shaping tank. In this case, a
powder is directly supplied to the shaping tank and flat-
tened by a flattening member such as a blade and aroller.
[0216] In accordance with an embodiment of the
present invention, an apparatus for producing three-di-
mensional objects is provided. The apparatus includes:
a bonding liquid applier configured to apply a bonding
liquid to a powder layer, so that the bonding liquid bonds
powder particles in the powder layer into a bonded layer;
and a controller to control the bonding liquid applier to
form an (n)th bonded layer by: applying a predetermined
amount of the bonding liquid per unit area, in multiple
times, to a new bonding region in an (n)th powder layer,
below which an (n-1)th bonded layer does not exist, and
applying the predetermined amount of the bonding liquid
per unit area, in a smaller number of times than the mul-
tiple times, to an existing bonding region in the (n)th pow-
der layer, below which the (n-1)th bonded layer exists,
while increasing a numeral (n) representing an integer
of 1 and above in increment of 1, to laminate multiple
bonded layers into a three-dimensional object.

[0217] In the above apparatus, the existing bonding
region may be applied with the bonding liquid at the time
when the new bonding region is applied with the bonding
liquid for the last time. In addition, the number of times
of application of the bonding liquid to the new bonding
region may be variable depending on an area of the new
bonding region.

[0218] The present embodiment further provides a
method for producing three-dimensional objects. The
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method includes the steps of forming an (n)th bonded
layer and increasing a numeral (n) representing an inte-
ger of 1 and above in increment of 1, to laminate multiple
bonded layers into a three-dimensional object. The form-
ing step further includes the steps of: applying a prede-
termined amount of a bonding liquid per unit area, in mul-
tiple times, to a new bonding region in an (n)th powder
layer, below which an (n-1)th bonded layer does not exist,
so that the bonding liquid bonds powder particles in the
new bonding region; and applying the predetermined
amount of the bonding liquid per unit area, in a smaller
number of times than the multiple times, to an existing
bonding region in the (n)th powder layer, below which
the (n-1)th bonded layer exists, so that the bonding liquid
bonds powder particles in the existing bonding region.
[0219] The presentembodimentfurther provides a car-
rier means carrying computer readable code for control-
ling one or more computers to carry out the above method
[0220] In accordance with another embodiment of the
present invention, an apparatus for producing three-di-
mensional objects is provided. The apparatus includes:
a bonding liquid applier configured to apply a bonding
liquid to a powder layer, so that the bonding liquid bonds
powder particles in the powder layer into a bonded layer;
and a controller to control the bonding liquid applier to
form a frame pattern in a non-bonded region in an (n-1)th
powder layer, above which a new bonding region in an
(n)th powder layer to exist, by applying less than a pre-
determined amount of the bonding liquid per unit area to
the non-bonded region, while increasing a numeral (n)
representing an integer of 1 and above in increment of
1, to laminate multiple bonded layers into a three-dimen-
sional object.

[0221] Here, the frame pattern may be one of a net-
like pattern, a line-like pattern, or a grid-like pattern. In
addition, the bonding liquid applier may form an (n)th
bonded layer by applying the bonding liquid to the new
bonding region in the (n)th powder layer in an amount
per unit area greater than that applied to the other region
in the (n)th powder layer.

[0222] The present embodiment further provides a
method for producing three-dimensional objects. The
method includes the steps of: forming a frame pattern in
a non-bonded region in an (n-1)th powder layer, above
which a new bonding region in an (n)th powder layer to
exist, by applying less than a predetermined amount of
the bonding liquid per unit area to the non-bonded region;
and increasing a numeral (n) representing an integer of
1 and above inincrement of 1, to laminate multiple bond-
ed layers into a three-dimensional object.

[0223] The presentembodimentfurther provides a car-
rier means carrying computer readable code for control-
ling one or more computers to carry out the above meth-
od.

[0224] The present embodiment further provides a de-
vice for generating modeling data for three-dimensional
objects. The device generates modeling data for an (n)th
bonded layer by: comparing slice data for the (n)th bond-

10

15

20

25

30

35

40

45

50

55

14

ed layer and that for an (n+1)th bonded layer, and adding
data, based on the comparison result, for forming a frame
pattern in a non-bonded region in an (n)th powder layer,
above which a new bonding region in an (n+1)th powder
layer to exist, by applying less than a predetermined
amount of the bonding liquid per unit area to the non-
bonded region, while increasing a numeral (n) represent-
ing aninteger of 1 and above inincrement of 1, to laminate
multiple bonded layers into a three-dimensional object.
[0225] In accordance with another embodiment of the
present invention, an apparatus for producing three-di-
mensional objects is provided. The apparatus includes:
a bonding liquid applier configured to apply a bonding
liquid to a powder layer, so that the bonding liquid bonds
powder particles in the powder layer into a bonded layer;
and a controller to control the bonding liquid applier to
form a frame pattern in a new bonding region in an (n)th
powder layer, below which an (n-1)th bonded layer does
not exist, by applying less than a predetermined amount
of the bonding liquid per unit area, and thereafter form
an (n)th bonded layer by applying the predetermined
amount of the bonding liquid per unit area to the new
bonding region in which the frame pattern has been
formed, while increasing a numeral (n) representing an
integer of 1 and above in increment of 1, to laminate
multiple bonded layers into a three-dimensional object.
[0226] Here, the frame pattern may be one of a net-
like pattern, a line-like pattern, or a grid-like pattern. In
the above apparatus, the bonding liquid applier may be
horizontally movable either forward or backward relative
to the powder layer. In this case, the frame pattern may
be formed in the new bonding region while the bonding
liquid applier is moving forward, and the (n)th bonded
layer may be formed while the bonding liquid applier is
moving backward. Alternatively, the frame pattern and a
non-overhang portion of the (n)th bonded layer, corre-
sponding to an existing bonding region other than the
new bonding region in the (n)th powder layer may be
formed while the bonding liquid applier is moving forward,
and an overhang portion of the (n)th bonded layer, cor-
responding to the new bonding region in the (n)th powder
layer may be formed while the boding liquid applier is
moving backward. In the latter case, the amount of the
bonding liquid applied to the new bonding region while
the bonding liquid applier is moving backward is greater
than that applied to the existing bonding region while the
bonding liquid applier is moving forward.

[0227] The present embodiment further provides a
method for producing three-dimensional objects. The
method includes the steps of: forming a frame pattern in
a new bonding region in an (n)th powder layer, below
which an (n-1)th bonded layer does not exist, by applying
less than a predetermined amount of the bonding liquid
per unit area; forming an (n)th bonded layer by applying
the predetermined amount of the bonding liquid per unit
areato the new bonding region in which the frame pattern
has been formed; and increasing a numeral (n) repre-
senting an integer of 1 and above in increment of 1, to
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laminate multiple bonded layers into a three-dimensional
object.

[0228] The presentembodiment further provides a car-
rier means carrying computer readable code for control-
ling one or more computers to carry out the above meth-
od.

[0229] In accordance with another embodiment of the
present invention, a device for generating modeling data
for three-dimensional objects is provided. The device
forms modeling data for an (n)th bonded layer by: com-
paring slice data for the (n)th bonded layer and that for
an (n+1)th bonded layer; and generating modeling data
for the (n)th bonded layer along with modeling data for a
frame pattern in a new bonding region in an (n)th powder
layer based on the comparison result, while increasing
a numeral (n) representing an integer of 1 and above in
increment of 1, to laminate multiple bonded layers into a
three-dimensional object.

[0230] In accordance with another embodiment of the
present invention, an apparatus for producing three-di-
mensional objects is provided. The apparatus includes:
a bonding liquid applier configured to apply a bonding
liquid to a powder layer, so that the bonding liquid bonds
powder particles in the powder layer into a bonded layer;
and a controller to control the bonding liquid applier to
form an (n)th bonded layer, when an (n)th powder layer
includes both a new bonding region, below which an (n-
1)th bonded layer does not exist, and an existing bonding
region, below which the (n-1)th bonded layer exist, by
applying the bonding liquid to the (n-1)th powder layer in
an amount per unit area greater than that applied thereto
when the (n)th powder layer includes no new bonding
region.

[0231] The above-described embodiments areillustra-
tive and do not limit the present invention. Thus, numer-
ous additional modifications and variations are possible
in light of the above teachings. For example, elements
and/or features of different illustrative embodiments may
be combined with each other and/or substituted for each
other within the scope of the present invention.

[0232] The present invention can be implemented in
any convenient form, for example using dedicated hard-
ware, or a mixture of dedicated hardware and software.
The present invention may be implemented as computer
software implemented by one or more networked
processing apparatuses. The processing apparatuses
can compromise any suitably programmed apparatuses
such as a general purpose computer, personal digital
assistant, mobile telephone (such as a WAP or 3G-com-
pliant phone) and so on. Since the present invention can
be implemented as software, each and every aspect of
the present invention thus encompasses computer soft-
ware implementable on a programmable device. The
computer software can be provided to the programmable
device using any conventional carrier medium (carrier
means). The carrier medium can compromise a transient
carrier medium such as an electrical, optical, microwave,
acoustic or radio frequency signal carrying the computer

10

15

20

25

30

35

40

45

50

55

15

code. An example of such a transient mediumisa TCP/IP
signal carrying computer code over an IP network, such
as the Internet. The carrier medium can also comprise a
storage medium for storing processor readable code
such as a floppy disk, hard disk, CD ROM, magnetic tape
device or solid state memory device.

Claims

1. Anapparatus (601) for producing three-dimensional
objects comprising:

a bonding liquid applier (50) configured to apply
a bonding liquid (10) to a powder layer (31), so
that the bonding liquid (10) bonds powder par-
ticlesin the powderlayer (31) intoabonded layer
(30); and

a controller (500) to control the bonding liquid
applier (50) to repeatedly form an (n)th bonded
layer (30) by:

applying a predetermined amount of the
bonding liquid (10) per unit area, in multiple
times, to a new bonding region (30B) in an
(n)th powder layer (31), below which an (n-
1)th bonded layer (30) does not exist, and
applying the predetermined amount of the
bondingliquid (10) perunitarea, in asmaller
number of times than the multiple times, to
an existing bonding region (30A) in the (n)th
powder layer (31), below which the (n-1)th
bonded layer (30) exists,

while increasing a numeral (n) representing
an integer of 1 and above in increment of 1,
to laminate multiple bonded layers (30) into
a three-dimensional object.

2. The apparatus (601) of claim 1, wherein the existing
bonding region (30A) is applied with the bonding lig-
uid (10) at the time when the new bonding region
(30B) is applied with the bonding liquid (10) for the
last time.

3. The apparatus (601) of claim 1, wherein the number
of times of application of the bonding liquid (10) to
the new bonding region (30B) is variable depending
on an area of the new bonding region (30B).

4. The apparatus (601) of claim 2, wherein the number
of times of application of the bonding liquid (10) to
the new bonding region (30B) is variable depending
on an area of the new bonding region (30B).

5. A method for producing three-dimensional objects,
comprising:

forming an (n)th bonded layer (30), including:
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applying a predetermined amount of a
bonding liquid (10) per unit area, in multiple
times, to a new bonding region (30B) in an
(n)th powder layer (31), below which an (n-
1)th bonded layer (30) does not exist, so
that the bonding liquid (10) bonds powder
particles in the new bonding region (30B);
and

applying the predetermined amount of the
bonding liquid (10) per unitarea, ina smaller
number of times than the multiple times, to
an existing bonding region (30A) in the (n)th
powder layer (31), below which the (n-1)th
bonded layer (30) exists, so that the bonding
liquid (10) bonds powder particles in the ex-
isting bonding region (30A),

wherein the forming is repeatedly performed
while increasing a numeral (n) representing an
integer of 1 and above in increment of 1, to lam-
inate multiple bonded layers (30) into a three-
dimensional object.

The method of claim 5, wherein the existing bonding
region (30A) is applied with the bonding liquid (10)
at the time when the new bonding region (30B) is
applied with the bonding liquid (10) for the last time.

The method of claim 5, wherein the number of times
of application of the bonding liquid (10) to the new
bonding region (30B) is variable depending on an
area of the new bonding region (30B).

The method of claim 5, wherein the number of times
of application of the bonding liquid (10) to the new
bonding region (30B) is variable depending on an
area of the new bonding region (30B).

A carrier means carrying computer readable code
for controlling one or more computers to carry out a
method, comprising:

forming an (n)th bonded layer (30), including:

applying a predetermined amount of a
bonding liquid (10) per unit area, in multiple
times, to a new bonding region (30B) in an
(n)th powder layer (31), below which an (n-
1)th bonded layer (30) does not exist, so
that the bonding liquid (10) bonds powder
particles in the new bonding region (30B);
and

applying the predetermined amount of the
bonding liquid (10) per unitarea, ina smaller
number of times than the multiple times, to
an existing bonding region (30A) in the (n)th
powder layer (31), below which the (n-1)th
bonded layer (30) exists, so that the bonding
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10.

1.

12.
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liquid (10) bonds powder particles in the ex-
isting bonding region (30A),

wherein the forming is repeatedly performed
while increasing a numeral (n) representing an
integer of 1 and above in increment of 1, to lam-
inate multiple bonded layers (30) into a three-
dimensional object.

The carrier means of claim 9, wherein the existing
bonding region (30A) is applied with the bonding lig-
uid (10) at the time when the new bonding region
(30B) is applied with the bonding liquid (10) for the
last time.

The carrier means of claim 9, wherein the number
of times of application of the bonding liquid (10) to
the new bonding region (30B) is variable depending
on an area of the new bonding region (30B).

The carrier means of claim 9, wherein the number
of times of application of the bonding liquid (10) to
the new bonding region (30B) is variable depending
on an area of the new bonding region (30B).
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